changes in action potential configuration and hence dispersion.
Regional variation in the response of action potential configuration to acidosis might also explain the different acidosis-induced changes in action potential configuration reported in previous studies (3, 27, 43) , which did not discriminate the region from which the cells were obtained. There are, however, other possible explanations for these differences. These include the severity and type of acidosis, and the recording conditions used [for example, L-type Ca 2ϩ current (I Ca ) is decreased by acidosis when intracellular Ca 2ϩ is buffered, as during whole cell recording, but not during perforated patch recording; 8, 15, 18, 26, 27] .
The present study was designed, therefore, to investigate the electrophysiological response to acidosis of cells from different regions of the heart recorded under standard conditions. Preliminary results have been presented to the Physiological Society (25) .
METHODS

Cell isolation.
Male Wistar rats (ϳ220-250 g) were stunned and then killed by cervical dislocation. The heart was rapidly removed, and cells were isolated by collagenase digestion of the Langendorff-perfused heart as described previously (26) , with the following variation: after 7-min perfusion of the heart with collagenase-containing solution, small pieces of subepicardial (Epi) and subendocardial (Endo) muscle (Ͻ1 mm and Ͻ2 mm thick, respectively) were dissected from the left ventricular free wall. These were incubated separately in collagenase-containing isolation solution plus 1% bovine serum albumin for 5 min. The tissue was then filtered and the filtrate centrifuged; the supernatant was removed, and the cells were resuspended in isolation solution containing 0.75 mM Ca 2ϩ and stored at room temperature. This procedure was repeated four to five times with the remaining tissue.
Experimental set up. An aliquot of cells was transferred to the experimental chamber, which was mounted on the stage of an inverted microscope (Diaphot TMD, Nikon; Tokyo, Japan) and continuously perfused with the experimental solutions (see Solutions and chemicals). The perforated patch-clamp technique was used for most of the experiments in this paper, as described previously (26) . Electrodes (2-4 M⍀) were used; the tip of the electrode was filled with pipette solution (see Solutions and chemicals) and back filled with pipette solution containing 200-400 g/ml amphotericin B. The pipette solution contained 1 mM CaCl 2 to ensure that accidental rupture of the membrane resulted in cell death. After electrical access was obtained and the capacity transients became constant, series resistance was compensated, and measurements were made. Changing between control and acid solutions while the electrode tip was in the bath solution was used to ensure the absence of artifactual changes of potential. Voltage and current signals were filtered at 1 kHz (low pass) and digitized at 2 kHz; all experiments were performed at room temperature.
Measurement of action potentials. Action potentials were measured in current clamp configuration. Current pulses of 4-6 ms, sufficient to trigger an action potential, were injected every 2 s.
Measurement of I Ca. Holding potential was set to Ϫ40 mV to inactivate Na ϩ current (INa), and a 200-ms depolarizing pulse to 0 mV was applied every 2 s. Current-voltage relationships were obtained using a series of test pulses between Ϫ30 and ϩ50 mV. The amplitude of the current was measured as the difference between peak inward current and current remaining at the end of pulses. KCl in the pipette solution and perfusate was replaced with CsCl to block K ϩ currents.
Measurement of inward rectifier K ϩ current. Holding potential was set to Ϫ40 mV to inactivate INa. The currentvoltage relationship was obtained using a series of 500-ms test pulses from Ϫ120 to ϩ20 mV; pulses were applied every 5 s. The current was measured at 500 ms (7). CdCl 2 (0.1 mM) was added to the perfusate to block ICa.
Measurement of delayed rectifier K ϩ and steady-state currents. Depolarization induces two components of outward current in rat ventricular myocytes (2): transient outward current (I TO) and sustained current, which in turn consists of two components (35) : one of which, the delayed rectifier K ϩ current (IK), shows steady-state inactivation, whereas the other, steady-state current (ISS), does not (7, 19) . To evoke IK and ISS, holding potential was set to Ϫ80 mV and a series of 500-ms test pulses to voltages between Ϫ40 and ϩ40 mV was applied; each test pulse was preceded by a 40-ms prepulse to Ϫ40 mV to inactivate I Na, and pulses were applied every 2 s. IK was calculated by subtracting ISS from the current at the end of the pulse (7): ISS alone was evoked using same the protocol except that the holding potential was Ϫ20 mV and a prepulse was not used (at this holding potential I K and INa are inactivated; Refs. 7 and 35). 4-Aminopyridine (4-AP) was not used because of its inhibitory effects on inward rectifier K ϩ current (IK1) (9) , IK (35) , and ISS (35) . However, even in the absence of 4-AP, ITO is inactivated within the pulse duration so that the current at 500 ms will be unaffected (4). CdCl 2 (0.5 mM) was included in the perfusate to block ICa. Measurement of inwardly rectifying Cl Ϫ current. Conventional whole cell (ruptured) patch clamp was used to measure Cl Ϫ currents (ICl). A 3 M KCl-agar bridge-AgCl pellet was used as the bath electrode. Holding potential was set to Ϫ40 mV. Two-second test pulses to voltages between Ϫ120 and ϩ40 mV (in 20-mV increments) followed by 400-ms pulses to ϩ40 mV were applied; pulses were applied every 10 s (10). Current was measured at 2 s.
Solutions and chemicals. The solutions used for cell isolation were as described previously (26) . The solution used during the experiments contained (in mM) 108 NaCl, 5 KCl, 1 Na 2HPO4 ⅐ 12H2O, 1 MgSO4 ⅐ 7H2O, 20 sodium acetate, 10 glucose, 1 CaCl2, and 10 HEPES, with 5 U/l insulin; pH adjusted to 7.40 or 6.50 using NaOH. The pipette solution contained (in mM) 130 KCl, 10 NaCl, 1.4 MgCl 2 ⅐ 6H2O, 1 CaCl2, and 5 HEPES; pH adjusted to 7.10 using KOH. A 50 mg/ml stock solution of amphotericin-B was made in dimethylsulfoxide immediately before the experiments; this was diluted into the pipette solution before use.
The perfusate during I Cl measurement contained (in mM) 120 TEACl, 10 CsCl, 1 MgCl2 ⅐ 6H2O, 10 HEPES, 2 BaCl2, 10 glucose, 1 CaCl2, 2 4-AP, and 0.01 nifedipine; pH adjusted to 7.4 or 6.5 using TEAOH. The pipette solution contained (in mM) 110 CsCl, 20 TEACl, 5 MgATP, 5 EGTA, and 5 HEPES; pH adjusted to 7.1 using CsOH. The osmolality of the perfusate and the pipette solution for I Cl measurement was 270 Ϯ 5 mosmol/kgH2O. A 10 mM stock solution of nifedipine and a 100 mM stock solution of 4,4Ј-disothiocyanato-stilbene-2,2Ј-disulfonic acid (DIDS) were made with DMSO and kept in light-resistant containers. A 10 mM stock solution of strophanthidin was made in ethanol. All stock solutions were diluted into the perfusate immediately before use. Addition of DIDS (final concentration, 0.1 mM) did not alter the pH of the solution.
Statistical analysis. Data are expressed as means Ϯ SE for n cells. Paired or unpaired t-tests (two-tailed) were performed as appropriate. When an unpaired t-test was used, the variances were tested by the F-test. Statistical significance was taken as P Ͻ 0.05.
RESULTS
Effect of acidosis on action potentials in Epi and
Endo cells. Figure 1 shows action potentials recorded from representative Epi (A) and Endo (B) cells at con- trol pH and during acidosis. At control pH, resting membrane potential and the amplitude of the action potential were not significantly different in Epi and Endo cells. However, the times for 25, 50, and 90% repolarization of the action potential (APD 25 , APD 50 , and APD 90 , respectively) were significantly longer in Endo cells than in Epi cells ( Fig. 1 and Table 1 ).
Acidosis caused a small (ϳ3 mV), but significant, depolarization of the resting membrane potential (Table 1) and decreased the amplitude of the action potential in Epi and Endo cells (Table 1) ; these changes were not significantly different between Epi and Endo cells. Acidosis also significantly prolonged APD 50 in Epi and Endo cells; this prolongation was significantly greater in Endo cells than in Epi cells (P Ͻ 0.05), although acidosis did not significantly alter APD 25 and APD 90 in either Epi or Endo cells (Table 1) . Although the effect of acidosis on APD 50 , particularly in the Epi cells, was small, the measurements at control pH and during acidosis were made on the same cells (i.e., paired data) making artifactual differences unlikely.
Subsequent experiments were designed to investigate the current(s) that contribute to the acidosisinduced change in the action potential configuration and resting membrane potential. Currents are presented as current density; cell capacitance was calculated from capacitance transients during 10-ms, 10-mV hyperpolarizing pulses from Ϫ80 mV. Cell capacitance was 136 Ϯ 4 pF in Epi (n ϭ 23) and 145 Ϯ 7 in Endo cells (n ϭ 23); these values are not statistically different. Figure  2A shows original records of I Ca elicited in representative Epi (left) and Endo (right) cells at control pH and during acidosis by depolarizing pulses from Ϫ40 to 0 mV. Figure 2B shows that the mean I Ca density-voltage relationships were not significantly different in Epi and Endo cells: maximum current density was 3.1 Ϯ 0.3 pA/pF (n ϭ 7) in Epi and 2.8 Ϯ 0.5 pA/pF (n ϭ 7) in Endo cells (not significant, NS). 
Effect of acidosis on I Ca in Epi and Endo cells.
-test).
Thus it appears unlikely that I Ca underlies the difference in action potential duration in Epi and Endo cells or the acidosis-induced prolongation of the action potential. Values are means Ϯ SE; n, number of cells. APD, action potential duration at 25 (APD25), 50 (APD50), and 90% (APD90) repolarization; Epi, subepicardial; Endo, subendocardial. Data at control pH and during acidosis were from same cell. * P Ͻ 0.05 versus control. † P Ͻ 0.01 versus control. Figure  3A shows original traces of the current elicited by 500-ms test pulses from a holding potential of Ϫ40 mV in representative Epi (left) and Endo (right) cells; only currents elicited by test pulses between Ϫ120 and Ϫ40 mV are shown for clarity. Figure 3B shows that the current density-voltage relationship of the sustained current (i.e., current at the end of the pulse) was not significantly different in Epi and Endo cells. The current elicited by test pulses negative to Ϫ40 mV is dominated by I K1 (22, 37, 44) and will be presented here. The current elicited by test potentials positive to Ϫ40 mV also contains I SS , which may explain the changes in the current observed at more depolarized potentials (see below). Current density at Ϫ120 mV was Ϫ3.83 Ϯ 0.48 pA/pF (n ϭ 9) in Epi cells and Ϫ3.53 Ϯ 0.29 pA/pF (n ϭ 6) in Endo cells (NS). Figure 3 , C and D, shows current density-voltage relationships of the sustained current at control pH and during acidosis in Epi (Fig. 3C) and Endo (Fig. 3D ) cells. Acidosis did not significantly alter the sustained current elicited by test pulses to more negative potentials in either Epi or Endo cells: current density at Ϫ120 mV in Epi cells was Ϫ3.99 Ϯ 0.51 pA/pF at control pH and Ϫ3.70 Ϯ 0.34 pA/pF during acidosis (NS, n ϭ 8). The corresponding values in Endo cells were Ϫ3.53 Ϯ 0.29 pA/pF in control and Ϫ3.75 Ϯ 0.61 pA/pF in acidosis (NS, n ϭ 6).
Effect of acidosis on I K1 in Epi and Endo cells.
Thus it appears unlikely that I K1 underlies the difference in action potential duration in Epi and Endo cells, or the acidosis-induced change in the action potential or resting potential. Figure 4 shows original traces of the total outward current (left), I SS (middle), and I K (right) in representative Epi (top) and Endo (bottom) cells. Test pulses of 500 ms to potentials between Ϫ40 and ϩ40 mV were first applied from a holding potential of Ϫ80 mV to evoke total outward current (left). Pulses to the same test potentials were then applied from a holding potential of Ϫ20 mV to inactivate I K and I TO (44) and evoke I SS alone (7; Fig. 4, middle) . I SS was then subtracted from the total outward current to obtain I TO plus I K (right). However, I TO inactivates within the pulse duration (4) so that the current at the end of the pulse represents I K . Note, however, that I TO was present in Epi cells but not in Endo cells. Figures 5A and 6A show mean current density-voltage relationships for I K and I SS , respectively, of Epi and Endo cells. I K was significantly larger in Epi cells than in Endo cells at most potentials positive to Ϫ10 mV (Fig. 5A ): I K current density at ϩ40 mV was 2.18 Ϯ 0.20 pA/pF (n ϭ 7) in Figure 6 shows the corresponding relationships for I SS at control pH and during acidosis in Epi (Fig. 6C) and Endo (Fig. 6D) cells. Acidosis decreased I SS at test potentials negative to 0 mV in Epi cells and at all When the protocol used to monitor I SS was repeated with K ϩ replaced by Cs ϩ , the current was inhibited and acidosis had no significant effect (Fig. 6B) . Thus it appears that I SS is carried predominantly by K ϩ , and the acidosis-sensitive component is carried completely by K ϩ . Because acidosis had no effect on the Cs ϩ -insensitive current, it has not been subtracted from the other currents shown in Fig. 6 .
Effect of acidosis on I K and I SS in Epi and Endo cells.
It appears likely, therefore, that the lower density of I K in Endo cells contributes to the longer action potential observed in these cells, whereas the more pronounced inhibition of I SS by acidosis in Endo cells will contribute to the more marked prolongation of the action potential produced by acidosis in these cells.
Effect of acidosis on I Cl in ventricular cells. A novel inwardly rectifying Cl
Ϫ current (I Cl,ir ) has recently been described in cardiac myocytes (10) . This current is sensitive to Cd 2ϩ and resistant to DIDS, which, with its inward rectification, distinguishes it from Cl Ϫ currents previously described in the heart. I Cl,ir is thought to be carried by ClC-2 chloride channels, which, when expressed in Xenopus oocytes, are sensitive to pH (21) . To investigate whether this current might contribute to the response to acidosis, particularly the depolarization of the resting membrane potential observed in Epi and Endo cells (Table 1) , we have investigated whether acidosis alters I Cl,ir in ventricular myocytes. Because the effect of acidosis on resting membrane potential is not significantly different in Epi and Endo cells (see Table 1 ), these experiments were performed on myocytes isolated from the whole ventricle, using K ϩ -and Na ϩ -free, nifedipine-and Cs ϩ -containing solutions (see METHODS) to avoid contamination by currents carried by K ϩ , Na ϩ , and Ca 2ϩ , and possible complications due to effects of Cd 2ϩ and DIDS on currents carried by these ions (e.g., 40) . Figure 7A shows representative current traces at control pH, during acidosis, and after recovery at control pH. At control pH, the current showed slow activation, which could be fitted using two exponentials (10) with time constants of 162 Ϯ 29 ms and 1,719 Ϯ 563 ms (n ϭ 7), and showed strong inward rectification (Fig. 7B) . Acidosis increased this current (Fig. 7, A and  B) : the current at Ϫ120 mV increased from Ϫ4.7 Ϯ 1.0 pA/pF at control pH to Ϫ7.5 Ϯ 1.5 pA/pF during acidosis (n ϭ 8, P Ͻ 0.01) but did not significantly alter the time constants of activation. The effects of acidosis were completely reversible (Fig. 7A) .
To confirm that the current being measured was carried by Cl, the Cl concentration in the pipette solution ([Cl Ϫ ] pip ) was decreased from 130 to 20 mM by replacing CsCl with equimolar Cs-aspartate. This decreased current and caused a negative shift in the reversal potential (Fig. 7B) : the current at Ϫ120 mV decreased from Ϫ4.3 Ϯ 0.7 pA/pF (n ϭ 17) at 130 mM Fig. 8, A and B, show the effect of 0.1 mM CdCl 2 and 0.1 mM DIDS, respectively, on I Cl,ir , the response to acidosis in the presence of these agents, and the subsequent recovery from acidosis in their continuing presence.
CdCl 2 almost completely inhibited the current at control pH (Fig. 8, A and C) ; however, in the presence of CdCl 2 , acidosis still increased the current to a level that was not significantly different from control ( Fig.  8C) : the current at Ϫ120 mV was Ϫ4.3 Ϯ 1.0 pA/pF in control, Ϫ1.0 Ϯ 0.2 pA/pF in the presence of CdCl 2 (P Ͻ 0.01 vs. control), and Ϫ5.3 Ϯ 0.8 pA/pF during acidosis in the presence of CdCl 2 (P Ͻ 0.001 vs. in the presence of CdCl 2 , NS vs. control, n ϭ 8).
In contrast, DIDS had no significant effect on basal current (Fig. 8, B and D) ; however, in the presence of DIDS, the effect of acidosis on the current was markedly reduced (Fig. 8, B and D) : the current at Ϫ120 mV was Ϫ4.9 Ϯ 1.3 pA/pF in control, Ϫ5.3 Ϯ 1.1 pA/pF in the presence of DIDS (NS vs. control), and Ϫ6.4 Ϯ 1.4 pA/pF during acidosis in the presence of DIDS (P Ͻ 0.05 vs. in the presence of DIDS, n ϭ 6). Figure 8E shows the mean current density-voltage relationships for the acidosis-induced current (i.e., the increase in current during acidosis) in the absence of inhibitors and in the presence of CdCl 2 or DIDS, showing that the acidosis-sensitive component is resistant to CdCl 2 but sensitive to DIDS: acidosis-induced current at Ϫ120 mV is Ϫ2.8 Ϯ 0.6 pA/pF in control (n ϭ 8), Ϫ4.3 Ϯ 1.0 pA/pF in the presence of CdCl 2 (n ϭ 8, NS vs. control), and Ϫ1.1 Ϯ 0.2 pA/pF in the presence of DIDS (n ϭ 6, P Ͻ 0.05 vs. control).
DISCUSSION
In the present study, acidosis was produced by decreasing the pH of the perfusate (i.e., extracellular pH) from 7.4 to 6.5. Intracellular pH (pH i ) decreases by 0.5 units in response to this maneuver and reaches a new steady state within 3 min (14) . The presence of a perforated patch electrode containing 5 mM HEPES does not affect the change of pH i (not shown). Measurements were made after a 5-min exposure to the acid solution (16), when both intracellular and extracellular pH had decreased. This can occur in vivo, for example, during ischemia when both extracellular and pH i decrease as a consequence of metabolite accumulation, and the decrease of pH i in the present study (0.5 pH units) is similar to that reported during global ischemia (0.8 pH units; 12). Acidosis alters the intracellular environment, increasing intracellular Ca 2ϩ concentration ([Ca 2ϩ ] i ) (13), intracellular Na ϩ concentration ([Na ϩ ] i ) (13), calcium-calmodulin-dependent kinase (CaMKII) activity via the increase in [Ca 2ϩ ] i (14) , and inhibiting protein phosphatase activity (32) . We used the perforated patch-clamp technique to minimize disruption to these normal responses to investigate the physiological response to acidosis.
The methods used to record the currents measured in the present study have been described previously. Pharmacological K ϩ channel inhibitors were not used because many such inhibitors affect more than one channel (35) . However, a depolarized holding potential is known to inhibit I TO and I K (44), allowing measurement of I SS (7; consistent with the noninactivating current shown in Fig. 4) . It has also previously been shown that the current at the end of a 200-ms depolarizing pulse is insensitive to 4-AP, and thus that I TO inactivates during the pulse (4) so that the remaining current consists of I SS and I K . The protocol used to monitor I K1 has also been described previously (e.g., 7).
Regional differences in the effect of acidosis on the action potential. Action potential configuration is different in Epi and Endo cells in many species (for review see Ref. 1) , and the rat action potential shows similar regional differences to other species, being shorter in Epi cells than in Endo cells ( Fig. 1; Refs. 7 and 9 ). This appears to be due mainly to the higher density of I TO in Epi cells (6, 7, 9, 16, 44) , although the present study shows that I K , which was larger in Epi cells, may also contribute to the shorter action potential.
Previous studies of the effect of acidosis on the action potential have given variable results, some showing prolongation and some shortening of the action potential (e.g., 3, 27) . In the present study, acidosis prolonged APD 50 ; this change was larger in Endo than in Epi cells. The possible mechanisms are considered below.
Regional differences in the effect of acidosis on I Ca .
The I Ca density-voltage relationship of Epi cells and Endo cells was not significantly different, consistent with previous studies in the rat (6, 9) , cat (24) , and guinea pig (30) .
Acidosis did not alter the current density-voltage relationship of I Ca in Epi or Endo cells. This is consistent with previous reports using the perforated patchrecording technique in the rat ventricle (8, 15, 26) and suggests that a change in I Ca is unlikely to underlie the change in APD during acidosis.
The possible role of Na 2ϩ /Ca 2ϩ exchange in the response to acidosis. Previous work has shown that Na ϩ / Ca 2ϩ exchange current (I Na/Ca ) affects the slow repolarization phase in the rat ventricle and that inhibition of the exchanger shortens the APD (36) . Because Na ϩ / Ca 2ϩ exchange is inhibited during acidosis (15, 26, 39) , this would be expected to shorten rather than prolong the action potential. In addition, Na expression appears to be the same in Epi and Endo cells (31) , making it unlikely that the exchanger can account for the regional differences in the response to acidosis, although it has been reported that exchange current is smaller in Endo cells (34) , which, if the exchanger were involved, might be expected to make the response to acidosis less pronounced in these cells.
The possible role of I TO in the response to acidosis. I TO is greater in Epi cells than in Endo cells (Fig. 4 ; Refs. 6, 7, and 9); this is the major factor underlying the difference in action potential configuration between Epi and Endo cells. The effect of acidosis on I TO has been investigated previously in the same conditions as those used in the present study by Hulme and Orchard (16) , who showed that acidosis does not alter I TO when the holding potential is negative to Ϫ60 mV, so that changes in I TO would not contribute to the effect of acidosis on the action potential.
Regional differences in the effect of acidosis on I K1 . The present study showed no regional differences in I K1 . Previous studies have given variable results: some studies have shown no regional differences between Epi and Endo cells from rats (7, 9, 37) , guinea pigs (30) , and dogs, (29) , whereas others have shown that I K1 is greater in Endo cells than in Epi cells (6, 44) . I K1 in all of these studies was measured using ruptured patch whole cell recording; because I K1 is sensitive to extracellular Na ϩ concentration ([Na ϩ ] o ) and [Ca 2ϩ ] i , it is possible that the recording conditions may contribute to the observed differences.
Previous studies of the effect of acidosis on I K1 have shown little or no effect during pH changes of the magnitude used in the present study (11, 19, 43) . The present data are, therefore, consistent with previous studies and with the idea that Kir2.1/ Kir2.2 underlie I K1 in the rat ventricle because Kir2.1 is insensitive to pH (45) . These data also suggest that acidosis-induced changes in I K1 do not play a significant role in the response to acidosis.
Regional differences in the effect of acidosis on I K . Casis et al. (7) reported no regional differences in I K between Epi and Endo cells. However, Yao et al. (44) reported that I K is larger in Epi than in Endo cells, consistent with the present data. It is possible that the use of 4-AP by Casis et al. (7) might have affected I K . The higher density of I K in Epi cells, in conjunction with the higher density of I TO (16) , will contribute to the faster repolarization in Epi cells.
However, acidosis had no significant effect on I K either in Epi or Endo cells, consistent with Xu and Rozanski (43) , who showed that a 1.2-unit decrease in the pH of the pipette solution in whole cell configuration does not alter I K in rat ventricular cells and making it unlikely that I K contributes to the acidosisinduced changes in the action potential.
Regional differences in the effect of acidosis on I SS . Several investigators have described a sustained current that is not inactivated even at more positive holding potentials in rat ventricular myocytes (7, 20, 35) , and there appears to be no regional difference in the distribution of this current (Ref. 7 and this study). When K ϩ was replaced with Cs ϩ , I SS was largely suppressed (compare Fig. 6, A and B) , and acidosis did not alter the current (Fig. 6B) , indicating that the measured current is carried predominantly by K ϩ and that the acidosis-sensitive increase in current is carried by K ϩ . Acidosis decreased I SS in Epi and Endo cells, although the inhibition was greater in Endo cells (Fig. 6) . This current appears to contribute to the repolarization of rat ventricular myocytes (35) so that the acidosis-induced decrease in I SS might explain the prolongation of the action potential observed during acidosis and the greater prolongation observed in Endo cells. Scamps (35) suggested that I SS is carried by Kv1.2 or Kv2.1; more recently James et al. (20) suggested that I SS is carried by TBAK-1/TASK-1, which is inhibited by acidosis (23) , consistent with the present data.
One potential problem with this hypothesis is that acidosis inhibits I SS throughout the voltage range studied, but the effect of acidosis on the action potential is most apparent at APD 50. It seems possible, however, that the early and late phases of the action potential are dominated by other larger currents so that the effect of I SS on APD will be less apparent at these times.
Effect of acidosis in I Cl,ir . The present study showed a marked increase in I Cl,ir during acidosis. This increase in inward current may contribute to the prolongation of the action potential, although the small amplitude of the current at more depolarized potentials when [Cl Ϫ ] pip was in the physiological range (20 mM) suggests that its contribution would be very small. It could, however, underlie the acidosis-induced depolarization of the resting membrane potential. Such depolarization has been a consistent observation (for review see Ref. 33 ) and appears to be the same in atrial and ventricular cells and in Epi and Endo cells, although the mechanism has remained obscure: acidosis-induced depolarization occurs following inhibition of Ca 2ϩ -sensitive currents (including I Na/Ca ), I Ca , K ϩ currents, and Na ϩ pump current. The amplitude of the current at Ϫ80 mV is sufficient to account for the depolarization: injection of 40 pA current at Ϫ80 mV induced a 4.0 Ϯ 0.8 mV (n ϭ 3) depolarization (not shown), giving a cell input resistance of 100 Ϯ 20 M⍀ (n ϭ 3), within the normal range for rat ventricular myocytes Ref. 42) . Thus the small (28 pA) acidosis-induced inward shift of I Cl,ir at Ϫ80 mV would be expected to cause a 2.8-mV depolarization, consistent with the 3-mV depolarization observed during acidosis.
I Cl,ir does not appear to be due to protein kinase A-dependent Cl Ϫ current, Ca 2ϩ -activated Cl Ϫ current, or swelling-induced Cl Ϫ current, because these do not show inward rectification (for review see Ref. 17) . However, I Cl,ir shows marked similarities to the current carried by ClC-2 channels. These channels have been found in atrial and ventricular cells (5, 10) ; the Cl
